Ionic liquids with halide anions were prepared and the dependency of halide anions on the SO2 solubility of ILs was investigated. The study shows that the SO2 solubility of ionic liquids lies in the range 1.91 ~ 2.22 SO2/ILs mol ratio. SO2 solubility in ionic liquids with varying halide anions follows the order Br > Cl > I. Theoretical investigation was also conducted at the B3LYP level using the Gaussian 03 program. From the theoretical consideration of the interaction between SO2 and [EMIm]X (where X = Cl, Br, and I), it has been proposed that primary interaction of halide occurs with C2-H of the imidazolium and S of SO2. Experimental results further shows that the absorption and desorption process of SO2 in ILs was reversible by the three cycles of the absorption at 50 o C and desorption at 140 o C. The reversibility of SO2 absorption was confirmed by FT-IR studies.
Introduction
The absorption processes have been used to remove and recover SO2 in flue gases from the combustion of sulfur-containing fossil fuels. 1 The conventional SO2 removal processes such as lime and magnesia scrubbing result in lots of waste water, which is not consistent with the sustainable principles. The solvent absorption processes can be a promising technology by minimizing the additional pollutants by simple recovery of SO2 by pressure swing or temperature swing. The selection of a good solvent is of critical importance for the SO2 recovery in the absorption process.
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SO2 absorption processes can also be applied to the SO2 recovery in SO 2 -O 2 stream from a sulfuric acid decomposition unit in a SI (sulfur-iodine) cycle to produce hydrogen using VHTR (very high temperature reactor). Especially, the volatile organic solvents are not proper for the SO2 recovery in the SI cycle because the SI cycle is a closed-loop process. 3 Ionic liquids (ILs) have been considered as the absorbents of SO 2 , owing to their unique properties such as low volatility, non-flammability and chemical stability. [4] [5] Especially, the nonvolatility of ILs makes them good absorbents to separate SO2 in the SO2-O2 stream from the sulfuric acid decomposition in the SI cycle as well as to remove SO2 from flue gases. [6] [7] [8] It has already been reported that SO2 could be absorbed in [1,1,3,3-tetramethylguanidine] [lactate] through both physical and chemical interactions, 9 while it was demonstrated by IR and NMR analyses that SO2 was reversibly absorbed in [1,1,3,3-tetramethylguanidine] [BF4] through physical absorption. 10 It was proposed that the cations of ILs were mostly responsible for the SO2 absorption. Later, the investigation of the anion and cation effects on SO 2 absorption of ILs in a SO 2 -O 2 stream by our group demonstrated that the SO2 solubility in ILs was mostly dependent on the anions in ILs. 3 The SO2 solubility investigation in ILs from first-principle calculation also suggested that the IL anion-gas interaction play a key role in deciding the gas solubility in ILs, particularly for polar gases such as SO2.
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In this report, ILs with halide anions were prepared and the dependency of halide anions on the SO2 solubility of ILs was investigated. High solubility of IL with Cl anion in our earlier reported work 3 prompted us to investigate further the role of anions in IL-SO2 absorption system. The interaction energy between SO2 and ILs with halide ions was calculated and correlated with the experimental SO 2 solubility.
Experimental
Halide anion effects of ILs were investigated using eight IL samples: [ The absorption and desorption measurements were conducted by the following experimental apparatus and procedures. An accurate quantity of ionic liquids was loaded in the glass tube which was set on an analytical balance, and its temperature was controlled by an electric heater. Then, SO2 gas was introduced into the glass tube containing the ionic liquid at a constant flow rate (20 cc/min) and the weight changes were monitored by means of the analytical balance (Ohaus explore-4200) with an accuracy of ± 0.01 g. It was confirmed that there was no weight variation in the blank test tube experiments where SO 2 gas was allowed to flow at the same rate. The absorption spectra of ILs before and after gas flow were measured by an IR spectroscopy (Perkin-Elmer 2000). The absorption spectra of SO2-absorbed ionic liquids were therefore compared with those of pure ionic liquids.
The thermal stability of the ILs was examined by TGA (Thermo Gravimetric Analysis). The decomposition temperature (Td) was expressed as the temperature at which the 5% weight loss of the initial ILs was observed by TGA. The meaning of Td can be best described as the starting temperature of the ILs decomposition stage.
The interactions between [EMIm]X (where X = Cl, Br, and I) and SO2 were theoretically investigated using a Gaussian 03 program. 12 The geometry optimizations and thermodynamic corrections without including the bulk solvent effect were performed with hybrid Becke 3-Lee-Yang-Parr (B3LYP) exchange-correlation functional with the 6-31 + G* basis sets for C, H, N and O, and LanL2DZ(ECP) basis sets for S, Cl, Br and I. In order to obtain the most stable geometries, all kinds of possible interaction patterns were optimized. No restrictions on symmetries were imposed on the initial structures. All stationary points were verified as minima by full calculation of the Hessian and a harmonic frequency analysis. Cl had similar solubility curves, confirming that the cationic effects on the SO 2 solubility were not so important. It can also be said that halide effect on the SO2 solubility is not so important, although the solubility differences were clear in the order of Br > Cl > I (The errors in the solubility were within ± 0.02) which cannot be explained by difference in free volume. . 15 This shift to lower wavenumbers was explained as a consequence of electrostatic and charge-transfer (CT) effects between Br -and SO2. 16 On the other hand, no special changes in the bands of [BMIm]Cl were observed from the SO 2 absorption. When, SO2 was desorbed at 140 o C, the band at about 3500 cm -1 disappeared, indicating that water was removed with SO2 during the desorption process. FT-IR studies clearly shows that the absorption and desorption process of SO2 is reversible in [BMIm]Cl. To explain the solubility behavior of SO 2 in various [EMIm] X (where X = Cl, Br, and I), theoretical investigation was conducted at the B3LYP level of the theory (6-31 + G* for C, H, N and O and LanL2DZ(ECP) for S, Cl, Br and I) using the Gaussian 03 program. The optimized structures showing the interactions of [EMIm]X with SO2 are depicted in Figure 3 . As can be deduced from the experimental results, there exists a substantial interaction between the basic halide anion, X -and acidic center of SO2. There exist two modes of interaction. In the mode I, SO2 is trapped between imidazolium cation and halide anion where the oxygen is interacting with the imidazolium C2-H The change in the magnitude of interaction depending on the mode of interaction can be presumably ascribed to the strength of interaction between the halide anion and the imidazolium C 2 -H. Interaction with harder and smaller chloride ion is stronger than with softer and larger iodide ion. Therefore, to break the interaction with the imidazolium C2-H and make a new interaction with SO2 as in mode I, newly formed interaction must be stronger than the previous one. In case of chloride and bromide, this is not the situation and mode II is preferable to mode I. In case of iodide, the interaction between iodide and C2-H is weak enough to break to form a new interaction, making mode I more preferable to mode II. Figure 4 shows the relationship between the interaction energy and SO2 solubility. As a whole, the order Br > Cl > I holds good and these computational results are in good agreement with the experimental absorption data.
Results and Discussion

Conclusion
Cationic and anionic effects of ILs were investigated using eight IL samples: [ 2 solubility order Br > Cl > I. From theoretical points of view, two models were examined. In the mode I, SO2 is trapped between imidazolium cation and halide anion where the oxygen is interacting with the imidazolium C2-H and methyl part and sulfur is interacting with the halide. In the mode II, primary interaction of halide is with the imidazolium C 2 -H and SO 2 is interacting with halide anion. The free energies of interaction (∆Gi) with SO2 in mode I were calculated as -11.1, -10.7 and -11. 
